Objectives-To examine whether the use of health-related control strategies moderates the association between elevated diurnal cortisol secretion and increases in older adults' functional disabilities.
INTRODUCTION
Cortisol is a hormone that influences a variety of biological processes and health-related outcomes (1) (2) (3) . Moreover, although research has found much variability in the age-related trajectories of cortisol secretion (4, 5) , there is accumulating evidence that advancing age can be associated with a higher level of diurnal cortisol secretion (6, 7) and an increased cortisol response to challenge (8) . In this regard, the neuroendocrine system that coordinates the release of cortisol, the hypothalamic-pituitary-adrenocortical (HPA) axis, is known to be activated by the experience of common psychological challenges. These effects have been documented in samples across the life span including old age (1, (9) (10) (11) (12) (13) (14) (15) . Because cortisol has important regulatory influences in the metabolic, immune, skeletal, nervous, and circulatory systems (3, 12, 14, (16) (17) (18) , there has been much speculation that stress-related disturbances in its output could increase a person's likelihood of developing a variety of health problems (19) .
However, studies examining the association between cortisol and physical health show a mixed pattern of findings. Although some studies indicate that individuals with dysregulated patterns of cortisol secretion are more prone to morbidity and mortality (20) (21) (22) (23) , other studies find no such effects (13, 24) , and even fail to document associations with presumptive downstream mediators like immune functions (15, 25, 26) . To address these inconsistencies, we have suggested that individual differences in adaptive personality and behavioral processes can ameliorate an adverse effect of cortisol disturbance on a person's physical health (7) . Consistent with this assumption, elevated cortisol levels were shown to be associated with increases in older adults' physical symptoms over 2 years, but only in the context of trait negative affect and inefficient sleep behaviors, and not among individuals who were emotionally well or exhibited efficient sleep (7) .
Taking a motivational perspective, we argue that the use of control strategies may represent another factor that could influence the association between cortisol secretion and older adults' physical health. Control strategies are behavioral and cognitive processes that facilitate adaptation to common life challenges and enable individuals to cope effectively with these challenges and secure desired developmental outcomes (27) (28) (29) . In the context of physical health, people can employ several different types of control strategies. First, health-engagement control strategies can be used to counteract a health threat by investing time and effort, seeking help and advice, or increasing the commitment to overcoming the problem (30) . Second, individuals can use compensatory secondary control strategies to manage the emotional turmoil resulting from threats to physical health (27) . Such secondary control strategies involve, for example, positive reappraisals or external attributions (31, 32) , which help maintain an older person's emotional and motivational resources and thereby facilitate the use of time and energy for the pursuit of important activities (27, 33, 34) . In support of these assumptions, research has shown that health-engagement and compensatory secondary control strategies predict better well-being and physical health in older adulthood (31, 32, (35) (36) (37) (38) (39) (40) .
These adaptive effects of control strategies suggest that they may also play an important role in the cortisol-health link. This is a plausible hypothesis as associations between cortisol secretion and control strategies (or related constructs, such as coping or mastery) are typically small (36, 37, 41, 42) , which implies that there is considerable variability in the use of control strategies among people with high cortisol level. Furthermore, individual differences in healthengagement control strategies may contribute to obtaining critical information about illness, receiving adequate professional advice and help, and adhering to difficult treatment regimes, medication, or beneficial health behaviors. In a similar vein, the emotional benefits derived from the use of secondary control strategies may attenuate the downstream biological consequences of a persistently high cortisol level, and the motivational advantages of these strategies may foster investments in overcoming emerging threats to a person's well-being and physical health. These consequences of using adaptive control strategies could counteract potential adverse effects of high cortisol level on the development of older adults' physical health problems.
To test the hypothesis that control strategies can be associated with an effect of high cortisol level on physical health problems, we predicted 4-year trajectories of older adults' functional disabilities (e.g., difficulty bathing or doing housework). We examined functional disabilities because they are common and severe challenges in older adulthood, associated with depression and mortality (43, 44) , which typically increase over time (45, 46) . Although there is no direct evidence linking functional disability and cortisol secretion, functional disabilities can develop from other health problems (e.g., symptoms of disease or chronic illness) (47) that have been linked with cortisol disturbance (7, 37) . Moreover, given that cortisol regulates a wide variety of biological processes in the nervous, metabolic, skeletal, and immune systems (3, (16) (17) (18) , persistent exposure to higher cortisol levels could plausibly contribute to the accumulation of visceral fat, to the softening of bone, and to the dysregulation of inflammation. Over time, these changes could impair individuals' capacities to carry out activities of daily living, particularly if they do not engage in adaptive control behaviors. Thus, we predicted that older adults who secrete high baseline levels of cortisol and report low levels of health-related control strategies would show a steep increase in their functional disabilities over time. By contrast, older adults who secret high levels of cortisol and engage in high levels of control strategies, and older adults with generally low cortisol level, were expected to show considerably smaller increases in their functional disabilities.
To help preclude spurious associations, this analysis incorporated two classes of covariates that were selected on the basis of previous research. The first class of covariates included factors that have been shown to moderate the cortisol-health link (i.e., negative affectivity and sleep efficiency) (7) . The second class of covariates included variables that could be associated with cortisol, control strategies, or functional disabilities (i.e., mortality risk index, education, physical symptoms, daytime dysfunction, depressive symptoms, and medication use) (48) (49) (50) and therefore could statistically explain the hypothesized effects.
METHODS

Participants
This study is based on a heterogeneous sample of older adults who participated in the Montreal Aging and Health Study (36) . A total of 215 participants were recruited in 2003 (T1) through newspaper advertisement. The only inclusion criterion was that participants had to be >60 years of age because we were interested in examining a normative sample of older adults. Participants were invited to the laboratory for an initial appointment. If they were unable to visit the laboratory, they were assessed in their homes. During the initial appointment, they were instructed to complete a questionnaire and to collect saliva samples over the course of 3 nonconsecutive days. All study materials were collected after participants finished the daily assessment, and participants received $50 for their participation. The study was approved by the Human Research Ethics Committee of Concordia University.
A second wave (T2) and a third wave (T3) of the study were conducted approximately 2 years (mean = 1.89, standard deviation [SD] = 0.08; range = 1.72-2.13 years) and 4 years (mean = 3.78, SD = 0.24; range = 3.28-4.77 years) after the baseline assessment. A total of 184 subjects (85.6%) participated at T2 and 164 (76.3%) participated at T3. Reasons for attrition from T1 to T3 were being deceased (n = 13), having problems that prevented participation (n = 17), refusing further participation (n = 8), and being unable to locate participants (n = 13). Study attrition was not significantly associated with baseline measures of the main constructs, except for participants' age. Older participants were more likely than younger participants to discontinue their participation from T1 to T3, t = 2.06, p < .05. Five subjects were further excluded from the analyses because they did not provide sufficient cortisol data, and the final sample thus included 159 participants. At baseline, subjects who were included into the study were on average 71.85 years old (SD = 5.63; range = 64-94 years), 81 were female, and 53 participants had attained an undergraduate university degree or a higher education.
Materials
The study variables included three assessments of participants' functional disabilities over 4 years of study. In addition, baseline levels of diurnal cortisol secretion, health-related control strategies, and a number of covariates (i.e., mortality risk index, education, physical symptoms, medication usage, depressive symptoms, daytime dysfunction, negative affectivity, and sleep efficiency) were incorporated into the study. Table 1 documents the mean and SD values, or frequencies of these variables.
Functional disabilities were assessed at T1, T2, and T3. Participants were asked by the research assistant to report whether or not they had difficulty or were unable to perform each of six instrumental activities of daily living (ADLs) (heavy housework; light housework; shopping; preparing meals; managing money; and using the phone) and six basic ADLs (eating; dressing; showering; using the toilet; walking around at home; and getting in and out of a bed or chair). At baseline, 23.9% of participants reported having difficulty with performing one or more ADLs (T2 = 28.9%; T3 = 37.7%), which indicates that our sample was relatively healthy at baseline, but resembled in later waves the prevalence of functional disability documented in population-based Canadian data (51) . Instrumental and basic ADLs were correlated, r = .48-. 54, p < .01, and we computed variables at each assessment, representing the total number of instrumental and basic ADLs participants had difficulty performing.
Diurnal cortisol secretion was measured at baseline as participants engaged in their normal daily activities. To minimize the influence of singular stressors on participants' cortisol scores, the assessment took place on each of 3 nonconsecutive days that did not involve unusual events (e.g., physician appointment). The assessment involved weekdays (70.33%) and weekends (29.67%), which was not associated with differences in cortisol level, t(128) = −0.04, p = .97. Ninety-seven percent of cortisol assessments were completed within 5 days and the remaining cortisol samples were collected within 1 week. On each assessment day, participants collected five saliva samples, by using salivettes, at: awakening, 30 minutes after awakening, 2 PM, 4 PM, and bedtime. Participants set a timer to 30 minutes at the time they collected their first saliva sample after awakening. For the collection of the afternoon and evening samples, participants were called at 2 PM and 4 PM. The last sample of the day was collected at the time participants went to bed. The actual time of day was recorded by the participants for all of the collected saliva samples.
The saliva samples were stored in participants' home refrigerators until they were returned to the laboratory 2 to 3 days after collection was completed, and they were subsequently frozen until the completion of the study. At the University of Trier, cortisol analysis was performed in duplicate, using a time-resolved fluorescence immunoassay with a cortisol-biotin conjugate as a tracer (52) . The intra-assay coefficient of variation was <5%; the interassay variability has been found to be routinely <10%. Values are expressed in nmol/L.
We obtained typical patterns of cortisol secretion. The sample means over the 3 assessment days were relatively high at awakening (mean = 12.60-13.39, SD = 8.41-9.21), peaking 30 minutes after awakening (mean = 16.51-17.60, SD = 10.70-11.38), and continuously decreasing over the later part of the day (2 PM: mean = 5.32-6.26, SD = 3.29-4.42; 4 PM: mean = 4.87-5.09, SD = 3.19-3.99; and bedtime: mean = 3.03-3.88 SD = 2.59-5.52). To compute a measure of participants' level of diurnal cortisol secretion, we calculated the area under the curve (AUC) of cortisol secretion for each day separately, using the trapezoidal method (based on hours after awakening). AUC of cortisol secretion was chosen as predictor variable because we reasoned that a reliable measure of cumulative concentration of cortisol is most likely to influence physical health outcomes. Given that some saliva samples may have been contaminated with blood or food, we excluded all samples that deviated >3 SDs from the mean cortisol secretion for the time of day. In addition, we calculated AUC only if the participants provided five complete saliva samples for a specific day. Single-day measures of AUC were significantly correlated, r = .51-.72, all p < .01, and were averaged to obtain a stable indicator of diurnal cortisol secretion.
Health-related control strategies were assessed at baseline by administering a 12-item selfreport questionnaire. All items were answered by using 5-point Likert-type scales (0 = almost never true to 4 = almost always true). Nine items measured health-engagement control strategies, which have been validated in previous research (35) (36) (37) . Of these nine items, three items measured investments of time and effort (e.g., "If I have a health problem that gets worse, I put in even more effort to get better"), three items measured recruitment of external resources (e.g., "If I develop a new health problem, I immediately get help from a health professional" [e.g., doctor, nurse]), and three items measured commitment to health goals (e.g.., "When I decide to do something about a health problem, I am confident that I will achieve it"). In addition, the instrument included three items measuring compensatory secondary control strategies. These items represented core aspects of secondary control, such as attributions or positive reappraisals (31, 32) . The specific items were: "When I find it impossible to overcome a health problem, I try not to blame myself"; "Even if my health is in very difficult condition, I can find something positive in life"; and "When I am faced with a bad health problem, I try to look at the bright side of things."
To examine whether the control strategy scale consisted of different factors, we subjected the 12 items to a principal component factor analysis. The scree test of the factor analysis suggested one single factor with an Eigenvalue of 5.99. The factor loadings of the 12 items ranged between 0.59 and 0.82. As a consequence, we computed a mean score of all 12 items (α = 0.90). We note that the obtained control strategies scores were associated with specific health behaviors at baseline (e.g., more weekly physical activity: r = .25, p < .01; less smoking: r = −.16, p = . 05), thereby lending further support to the validity of the scale.
Additional Measures-The study also included a number of additional sociodemographic, health-related, and psychological variables that were assessed at baseline (Table 1) . First, a mortality risk index was obtained, containing the weighted information of the following risk factors: age, being male, presence of diabetes, cancer, lung or other respiratory disease, heart condition, body mass index of <25, and smoking. The original index, developed by Lee and colleagues (48) , also included functional aspects of aging, which were excluded from our index because they overlapped conceptually with the study's outcome variables. Second, education was measured by asking participants to report their highest educational degree completed (0 = none, 1 = high school, 2 = trade, 3 = undergraduate degree, 4 = graduate degree). Third, a measure of physical symptoms was derived by counting the number out of 12 symptoms (e.g., chest pain, joint pain, or shortness of breath) participants reported having experienced often during the past month (53) . Fourth, usage of medication was assessed by counting the number of different medications participants were taking. Fifth, daytime dysfunction associated with fatigue was assessed by asking participants to report how often they have trouble staying awake while driving, eating meals, or in social activity (0 = not during the past month; 1 = less than once per week; 2 = once or twice per week; 3 = three or more times per week) (54) . Sixth, depressive symptomatology during the past week was operationalized as a sum score, using a 10-item version of the Center for Epidemiologic Studies Depression Scale (CES-D) (e.g., "I felt that everything I did was an effort"; 0 = rarely or none of the time to 3 = most or almost all of the time; α= 0.72) (55). Seventh, negative affectivity was assessed by computing the mean of ten negative emotions, participants rated with respect to the extent they had experienced them over the past year (e.g., distressed, guilty, or afraid; 1 = very slightly or not at all to 5 = extremely; α= 0.88) (56) . Finally, sleep efficiency was operationalized by computing an index, representing the time participants spent in bed during the night sleeping, relative to the overall time they spent in bed (54) . To this end, participants reported for the majority of recent nights during the past month the time they usually went to bed and got out of bed, and the time related to falling to sleep, being awake in the middle of the night, and waking up earlier than their usual time to get up.
Data Analyses
The hypothesis that control strategies could predict whether high cortisol level is associated with an increase in older adults' functional disabilities was tested by conducting a set of growthcurve models, utilizing HLM 6.0 (57). In the Level 1 model, we estimated within-person variability in participants' functional disabilities (using data from T1, T2, and T3) as a function of years from the time of study entry and a residual term. In the Level 2 model, we subsequently estimated between-person variation in the within-person slopes of functional disabilities as a function of the centered baseline scores of cortisol level, health-related control strategies, and a random residual term. The Level 2 model also incorporated a number of covariates (i.e., mortality risk index, physical symptoms, medication usage, daytime dysfunction, depressive symptoms, education, sleep efficiency, and negative affectivity). Table 2 shows zero-order associations between predictor variables. To test our hypothesis, we included in the last step of the analysis the interaction term between cortisol level and control strategies into the Level 2 model. In addition, the Level 1 and Level 2 models were estimated to predict simultaneously the intercept, which represented participants' levels of functional disability at study entry. The interaction effect was followed up by recalculating the growth-curve model separately for participants who scored in the upper and lower quartile of the cortisol distribution, and examining the effect of control strategies on changes in functional disability at the same time controlling for those predictor variables that were significant in the main analysis.
RESULTS
The results of the analysis are summarized in Table 3 . The Level 1 model showed a significant effect for the intercept, indicating that participants' baseline levels of functional disabilities were significantly different from zero. In addition, there was significant variability around the average intercept, χ 2 > 255, df = 158, p < .01, which we predicted in the subsequent Level 2 model. This Level 2 model revealed significant effects for baseline levels of control strategies and physical symptoms on the intercept of functional disabilities. These findings indicate that, at baseline, lower levels of health-related control strategies and higher levels of physical symptoms were significantly associated with higher levels of functional disabilities. The main effects of the other predictor variables did not significantly predict the intercept, and there was no significant interaction effect between cortisol level and control strategies on the intercept of participants' functional disabilities. Table 3 also indicates that the analysis confirmed a significant slope effect for the Level 1 model, demonstrating that levels of functional disabilities exhibited a linear increase over the course of 4 years. In addition, there was significant variability around the average within-person slope of functional disabilities, χ 2 > 202, df = 158, p < .01, suggesting the presence of reliable between-person differences in this slope. The subsequent Level 2 model, predicting the observed variability in the slopes of participants' functional disabilities, showed that only medication usage significantly predicted the slope of functional disabilities. This finding suggests that participants who took more medication at baseline experienced a steeper increase in their functional disabilities over time (upper quartile: β = 0.15, standard error [SE] = 0.04, t = 3.63, p < .01), as compared with their counterparts who took less medication, (lower quartile: β = 0.05, SE = 0.03, t = 1.50, p > .10). None of the other predictor variables showed a significant main effect on participants' functional disability slopes.
The inclusion of the interaction term between cortisol level and control strategies into the Level 2 model demonstrated a significant effect on the slope of functional disabilities (Table 3 ). To illustrate this interaction, we applied recommended growth-curve techniques (58) , and plotted in Figure 1 the trajectories of functional disabilities over 4 years of study for the averaged upper and lower quartiles of the distribution of the predictor variables. The upper panel of Figure 1 represents the association between levels of control strategies and changes in functional disabilities among participants with high baseline levels of cortisol; the lower panel of Figure  1 illustrates the same association for participants with low cortisol level.
The shape of the obtained interaction effect suggests two conclusions. First, control strategies were related more strongly to changes in functional disabilities among participants with high levels of cortisol, as compared with participants who secreted low levels of cortisol. Second, among participants with relatively high cortisol level, only those who reported low levels of health-related control strategies experienced an increase in their functional disabilities.
Follow-up analyses of the previously reported growth-curve model, conducted separately for participants who scored in the upper and lower quartile of the cortisol distribution, supported this interpretation of the data. The Level 1 models of these analyses suggested an increase in functional disabilities in both groups of subjects (upper quartile of the cortisol distribution: coefficient = 0.149, SE = 0.065, T ratio = 2.30, df = 39, p < .05; lower cortisol quartile: coefficient = 0.150, SE = 0.068, T ratio = 2.20, df = 39, p < .05).
The subsequent Level 2 models, incorporating baseline levels of those variables as predictors of the intercept and slope of functional disability that were significant in the previous analysis (i.e., control strategies, physical symptoms, and medication usage), showed that control strategies were not significantly associated with changes in functional disabilities among participants in the lower quartile of the cortisol distribution, coefficient = 0.150, SE = 0.100, T ratio = 1.50, df = 36, p > .10. However, there was a significant effect of control strategies on changes in functional disabilities among participants in the upper quartile of the cortisol distribution, coefficient = −0.235, SE = 0.098, T ratio = −2.39, df > 36, p < .05. This effect is consistent with the trajectories obtained from the original growth-curve model (Fig. 1, upper  panel) , which showed that functional disabilities increased significantly over time among participants with high cortisol level, if they reported low levels of health-related control strategies, β = 0.34, SE = 0.12, t = 2.85, p < .01, but remained stable among their counterparts who reported high levels of these control strategies, β = −0.05, SE = 0.08, t = −0.64, p > .10.
DISCUSSION
The results of this study showed that older adults who secreted relatively high levels of diurnal cortisol experienced an increase in their functional disabilities, but only if they endorsed low levels of health-related control strategies. By contrast, high cortisol level was not associated with an increase in functional disabilities among older adults who reported using high levels of these control strategies. In addition, the findings showed that there was a relatively smaller increase in functional disabilities among older adults who secreted low cortisol level, and the use of control strategies was not significantly associated with changes in functional disabilities among these individuals.
These findings are consistent with the hypothesis that engagement in health-related control strategies may ameliorate an effect of elevated cortisol level on increases in older adults' functional disabilities. The size of this association was substantial. After 4 years of study, a difference of almost two ADLs emerged as a function of control strategy use among participants who secreted high levels of cortisol. For an average older adult, this might mean, for example, losing the ability to get in and out of a chair and shop for personal items.
The reported analysis also points to the unique role played by control strategies in the cortisolhealth link, given that it controlled for associations between predictors and outcome at baseline as well as variables that could influence older adults' functional disabilities. In addition, the results provided further support for the validity of both our control measure and other indicators of health and functioning. First, lower baseline levels of functional disabilities were associated with higher baseline levels of health-related control strategies. Second, and consistent with previous research, higher baseline levels of physical symptoms were associated with higher baseline levels of functional disabilities, and the use of more medication at study entry predicted a steeper increase in older adults' functional disabilities over time (43, 49) .
Overall, the study's results link for the first time elevated levels of cortisol secretion with changes in older adults' functional disability. These elevated levels of cortisol may indicate a dysregulation of the HPA axis, which could affect a variety of biological processes in the nervous, metabolic, skeletal, or immune systems (3, (16) (17) (18) . As a consequence, it is plausible that persistent exposure to higher cortisol levels could contribute to the accumulation of visceral fat, to the softening of bone, and to the dysregulation of inflammation, and by doing so over time impair a person's capacity to carry out activities of daily living. In such circumstances, the motivational, emotional, and behavioral benefits derived from the use of adaptive control strategies may contribute to an earlier diagnosis and timely treatment of emerging health declines, beneficial health behaviors, or adherence to difficult treatment regimes, thereby attenuating the downstream biological consequences of a persistently high cortisol level and preventing the development of functional disabilities.
These findings have important implications for psychological theories of physical health. Although it has been suggested that cortisol dysregulation plays a role in the association between challenge and physical health (19) , extant research has not consistently demonstrated that cortisol disturbance influences biological intermediaries or physical health outcomes (13, 15, (24) (25) (26) . In this regard, our previous work has shown that these inconsistencies may, in part, be explained by low negative affectivity and efficient sleep behaviors, which significantly reduced the effect of elevated cortisol level on 2-year increases in physical symptoms (7) . The present research extends these findings by suggesting that control strategies can play a similar and unique role in the development of even more severe physical health problems over a longer period of time. This implies that theory and research should take into account the interaction of different personality factors with biological mediators to improve our understanding of the pathways linking cortisol response with physical health outcomes.
The reported study also informs theories of successful aging. There is much variability in older adults' physical health, and the emergence of functional disabilities represents a serious challenge, associated with depression and mortality (43, 44) . However, there is little in the way of empirically informed evidence that can be used to assist people in managing these challenges as they approach the end of their lives (33, 59) . In this regard, the results of our study suggest that the use of adaptive control strategies may represent a mechanism that could explain some of the health-related variability, and prevent or delay the development of functional disability among older adults with elevated cortisol output. Given that cortisol secretion may increase in old age (6, 7) , and the substantial size of the observed effect, it seems important to translate these findings into interventions that teach older adults how to use adaptive control strategies (60) . Alternatively, it would be plausible that a pharmacological intervention that successfully reduces tissue exposure to cortisol could ameliorate the development of functional disability, particularly among older adults who have difficulty engaging in adaptive control strategies.
There are limitations to this study. First, above and beyond the covariates used in our analysis, there may be other preexisting or subclinical conditions, such as certain aspects of frailty or undiagnosed illness (61) that could have contributed to the study's findings. Although the existence of such conditions may be related to some of our covariates, such as physical symptoms or daytime dysfunction associated with fatigue, they were not directly measured in this study and therefore could represent an alternative explanation for the findings. In addition, our analysis did not address whether participants' cortisol levels were directly associated with the use of certain drugs that could influence cortisol secretion (e.g., antidepressants, β blockers, or anti-inflammatory drugs). However, follow-up analyses controlling for the presence and number of drugs that may influence cortisol showed that the use of these drugs did not explain variance in functional disability or the reported interaction effect involving cortisol and control strategies.
Second, we focused in our analysis on the overall volume of cortisol secretion because we reasoned that such cumulative concentrations of cortisol output across the day might have a high likelihood of predicting physical health outcomes. However, other research has shown that cortisol slope can also predict physical health outcomes (20, 22) . In addition, it may be that individual differences in the awakening level of cortisol, in the early morning rise of cortisol, or in the variability of cortisol level across days contributed to the reported results. Follow-up analyses of our data showed that this was not the case for our sample, as neither of these alternative cortisol indices was significantly associated with levels or changes in functional disabilities, or interacted with participants' control strategies.
Third, as research from nonhealth-related areas of life has documented distinct effects of goal engagement and compensatory secondary control strategies on outcome variables (62, 38) , our analyses showed that these types of control strategies were highly correlated in the health domain. Both types of control strategies would have interacted with cortisol level for predicting changes in functional disability, t < 2.21, p < .05, if they were analyzed separately. Future research should identify potential reasons for the high association between health-related control strategies in old age, which may be due to the possibility that successful management of health problems requires simultaneous investment in different types of control strategies. Alternatively, there may be underlying neuropsychological problems, such as declines in frontal lobe function and associated executive abilities, that undermine high levels of control strategy use (63, 64) .
Finally, future research should examine other biological variables because cortisol disturbance is thought to influence physical health through its effects on other body systems (e.g., immune, metabolic, or skeletal systems) (3, (16) (17) (18) . Thus, similar interaction effects may be found with regard to other biological processes that could be influenced by cortisol secretion. Given these considerations, we feel that future research on the roles played by control strategies and other personality factors may improve our understanding of the psychological and biological pathways leading to a person's long-term physical health. a The first parameter (e.g., β 0 ) estimated the intercept, which represents participants' levels of functional health problems at study entry, and the second parameter (e.g., β 1 ) estimated the slope, which represents the within-person associations between years from the time of study entry and participants' functional health problems.
Level 1 model had 158 df. Level 2 results had 148 df (main effects) and 147 df (interaction). SE = standard error.
